Fetal bone marrow 6 lineage cells representing multiple stages of 6 cell development were isolated by two-color cell sorting and analyzed for immunoglobulin H and T-cell receptor (TCR) gamma and delta gene rearrangements. Analysis of CDlO+/surface mu-cells using a J, probe revealed a high frequency of rearrangements: some of these rearrangements used the 3' D region gene DQ52. Analysis of CDlO+/surface mu-cells revealed no detectable TCR-?. or -6 rearrangements, nor were TCR-6 rear-UMAN ACUTE lymphoblastic leukemia (ALL) is a H malignancy that originates in lymphoid precursors. A vast body of data exists describing cell surface antigen expression defined by monoclonal antibodies' and gene rearrangements defined by immunoglobulin (Ig) and T-cell receptor (TCR) Approximately 70% to 80% of ALLs express an immunologic phenotype consistent with a cell arrested in early B cell de~elopment.~.' These B cell precursor ALLs rearrange IgH chain genes, and a minority also rearrange L chain gene^.^.^ Furthermore, in our studies, TCR-P, -y, and -6 genes are rearranged in approximately 35%, 40%, and more than 70%, respectively, of B cell precursor ALLs.*,~
H malignancy that originates in lymphoid precursors. A vast body of data exists describing cell surface antigen expression defined by monoclonal antibodies' and gene rearrangements defined by immunoglobulin (Ig) and T-cell receptor (TCR) Approximately 70% to 80% of ALLs express an immunologic phenotype consistent with a cell arrested in early B cell de~elopment.~.' These B cell precursor ALLs rearrange IgH chain genes, and a minority also rearrange L chain gene^.^.^ Furthermore, in our studies, TCR-P, -y, and -6 genes are rearranged in approximately 35%, 40% , and more than 70%, respectively, of B cell precursor ALLs.*,~
The significance of the very high frequency of TCR gene rearrangements in B cell precursor ALL is unclear. Greaves has recently implicated the enzymatic machinery (ie, recombinase(s), terminal deoxynucleotidyl transferase) essential for Ig/TCR gene rearrangement in the sequential generation of mutations that could culminate in malignant transformation of B and T cell precursors." An alternate explanation would portray TCR gene rearrangements in B cell precursor ALL as posttransformational events, resulting from protracted recombinase activity. Another explanation would argue that CD10t/CD19+ ALLs are the malignant counterparts of lymphoid precursors, ie, cells uncommitted to the T or B cell lineage.' To begin to distinguish between these possibilities, we have examined fetal bone marrow B lineage are surprising given the high frequency of TCR 617 rearrangements in 6 cell precursor acute lymphoblastic leukemia, and identify a potential difference in patterns of gene rearrangement that distinguish normal and leukemic 6 cell precursors.
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cells for rearrangement of IgH, TCR-y, and TCR-6 by Southern blotting.
MATERIALS AND METHODS

Cells.
Bone marrow from normal 20-to 22-week-old fetuses was obtained in accordance with the guidelines of the University of Minnesota Committee on the Use of Human Subjects in Research. Femoral and humeral bones were flushed with RPMI-1640/5% fetal calf serum (FCS). Low-density leukocytes were isolated from the cell suspension by centrifugation over Histopaque (Sigma, St Louis, MO) and washed twice in RPMI-164015% FCS. Monocytes were depleted by plastic adherence, and nonadherent cells were stored overnight at 4°C in RPMI-1640/5% FCS before cell sorting. Cell lines used as controls for Ig and TCR rearrangements included the T leukemic cell line CEM, the pre-B ALL cell line LAZ-221, an Epstein-Barr virus-transformed fetal bone marrow immature B cell line (BET-2) established in this laboratory, and a surface mu+/ kappa+ clone (1E8) of the BLIN-I pre-B ALL cell line."
Fetal bone marrow nonadherent cells were stained for expression of CDlO and CD34, or CDlO and surface mu, and fluorescence-activated cell sorter (FACS)-purified by two-color cell sorting on a FACS IV or a FACStar Plus (Becton Dickinson, Mountain View, CA) using previously described methods.'* The immobilized agarose block Southern blot method used was a modification of that described by Feddersen and Van Ness." A total of 2 x IO6 cells were suspended in 40 pL phosphate-buffered saline (PBS) and mixed with 40 pL of 1% wt/vol low melting temperature agarose (InCert Agarose, FMC BioProducts, Rockland, ME) in PBS. The cell/agarose mixtures were pipetted into a plexiglass mold and allowed to solidify at 4°C. A 5-vol solution consisting of 0.5 mol/L ethylenediamine tetraacetate, 1% wt/vol sodium lauroyl sarcosine, and 2 mg/mL proteinase K was added to each agarose block, and cell lysis was conducted at 50°C for 2 to 4 days. The agarose blocks were washed twice in TE containing 40 pg/mL phenylmethylsulfonyl fluoride at 50°C for 1 hour followed by one wash in tris-EDTA (TE) alone. Agarose blocks (containing lysed cells) were restriction endonuclease digested at 37OC for 2 hours in restriction enzyme buffer containing 5 mmol/L spermidine and 100 U Hind I11 or Eco RI (Bethesda Research Laboratories, Gaithersburg, MD). An additional 100 U was added at 2 hours and digestion was terminated at 4 hours by adding excess TE. Intact blocks were loaded into dry wells of a 0.8% agarose gel and electrophoresed for 960 V/h; the digested DNA was then transferred to Gene Screen Plus (NEN Research Products, Boston, MA). After drying at room temperature overnight, the membrane was washed at 65OC in 0.1 x standard saline citrate (SSC), 0.5% sodium dodecyl sulfate (SDS) for 1 hour. Prehybridization and hybridization were then performed according to the manufacturers recommendation (NEN Research Products) using "P- Conventional DNA extraction and Southern blotting was conducted precisely according toour previously described methods.' (Fig 2R) . the 2.1-Kb germline band in CDlO'/surfacc mu cells was indistinguishable in intensity compared with 1 E8 cells. which are known to have TCR-y genes in germline configuration." Also evident were two rearranged TCR-y alleles of 4.1 and 3.8 Kb in CEM. The distinct 5.0-Kb fragment in CDIO'/ surface mu cells (Fig 2R) probably represents (Fig 2A) . Furthermore. the 9.0-Kb rearEco RI 
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detected using Bam HI. Analysis of CDlO+/surface mucells from two other donors revealed a similar degree of IgH rearrangements and no detectable TCR-y rearrangements (data not shown).
We9 and other^''.^*.^^ have demonstrated that 60% to 100% of B cell precursor ALLs (defined as CDlO+/CD19+/ CD24+/T cell antigen-/myeloid-monocytoid antigen-/cytoplasmic mu+ or mu-) have rearranged or deleted TCR-6, whereas surface Ig+ B-cell lymphomas retain TCR-6 in germline configuration.' We therefore examined three populations of fetal bone marrow B lineage cells that represent defined stages of B cell development. Before conducting these experiments, we determined that TCR-6 rearrangements present in 23% of cells could be detected using the immobilized agarose block Southern blot method (data not shown). Figure 3 is a composite of two separate experiments that examined TCR-6 rearrangements in CDl O+/surface mu-cells (containing the total B cell precursor population), CDlO+/CD34-cells (containing pre-B cells and surface Ig+ B cells), and CDlO+/surface mu+ cells (containing surface Ig' B cells only), all isolated by two-color cell sorting. CDlO+/surface mu-and CDlO+/CD34-FACS-purified cells from the same donor revealed no detectable TCR-6 rearrangements. Analysis of CDlO+ /surface mu+ FACSpurified cells from two donors also revealed no detectable TCR-6 rearrangements. To ensure that our ability to detect TCR-6 rearrangements was not limited by a decrease in sensitivity associated with the immobilized agarose block Southern blot method, we conducted an additional experiment using standard phenol-chloroform extraction of DNA and subsequent Southern blot analysis. A titration experiment demonstrating that the TCR-6 rearrangement in LAZ-221 cells can be detected at a level of 0.75% is shown in Fig 4. CD10+ fetal bone marrow lymphoid cells distinct from those studied in Fig 3 and were isolated by FACS from a donor examined for TCR-6 rearrangements. As shown in Fig 4, there were no distinct bands detectable in Eco R I digests of CDlO+ cell DNA probed with Cx.
DISCUSSION
The primary goal of this study was to analyze IgH, TCR-y, and TCR-6 rearrangements in normal fetal bone marrow B lineage cells with probes previously used to successfully identify rearrangements in B cell precursor ALL. We isolated three different populations of fetal bone marrow lymphoid cells by FACS (including the earliest definable B cells based on cell surface antigen expression) and analyzed potential TCR-y, 6 rearrangements using two different Southern blot methods. Although CDlO+/surface mu-cells contained readily detectable IgH rearrangements (Figs 1 and 2) , no detectable TCR-y or -6 rearrangements were observed (Figs 2 through 4) . Our results suggest that the absence of detectable TCR-y and -6 rearrangements may distinguish normal from leukemic CDlO+ B cell precursors. This difference could be explained by the presence of a protracted recombinase activity in leukemic B-cell precursor that is more tightly regulated during normal B cell ontogeny.
Several constraints can be imposed on the interpretation of our findings. First, CDlO+ normal bone marrow B lineage cells may undergo TCR-y,6 rearrangements not detected with the probes used in this study. The probes used in this study have been successfully used to detect TCR-y,6 rearrangements in B cell precursor For example, we observed that B cell precursor ALLs undergo D-D or V-D TCR-6 rearrangements, and a 7.0-Kb Eco R I fragment corresponding to a V62-D63 rearrangement was observed on a t least one allele in 13 of 17 cases studied (F. Griesinger et al, manuscript in preparation, and ref 24). We found no detectable 7.0-Kb fragments in normal fetal bone marrow CDlO+ cells under conditions in which we could have detected them at frequencies as low as 0.75% (Fig 4) . Second, CDlO+/surface mu-normal bone marrow B cell precursors may not encompass the total B cell precursor pool; ie, the transformation target in B cell precursor ALL may not reside in this population. Finally, a transformation target containing TCR-7, 6 rearrangements may reside within the CDlO+/surface mu-population, but the frequency may be beneath the detection sensitivity of Southern blotting. The polymerase chain reaction may overcome this limitation, and studies are currently in progress using this sensitive methodology.
